A major challenge researchers face is to understand how electrons move through nanoscale graphene structures. The carriers are quite unlike those in conventional semiconductors or metals. The electrons and holes are chiral particles that pass through potential barriers easily (the Klein paradox) and the edges of graphene reconstruct and create new electron states. [1] Graphene is promising for atomic scale devices -to make and understand these structures we need nanoscale probes. We have addressed this challenge directly by developing a process for fabricating ( Fig. 1 ) and imaging ballistic electron flow in graphene ( Fig. 2 ) and controlling graphene quantum dots using cooled SPM instruments and techniques adapted from our earlier work [2] .
Our current research fabricates graphene structures with nanosculpting and imaging using TEM, STEM and Helium Ion Microscopy. Using the Helium Ion and electron beams it is possible to etch and mill graphene to fabricate structures such as ribbons and quantum point contact structures [4] . The Helium Ion Microscope operates like a scanning electron microscope, except that the image is provided by a scanned He ion beam, providing new contrast mechanisms and a novel way to etch "soft" materials ( Fig. 1) [5] . The quantum point contact (QPC) sample size scales ( Fig. 1) (~ 10-100 nm) are large enough to transfer between the STEM and SPM for electron flow measurements (Fig. 2) . Our second phase is toward the atomic scale -done directly inside a Zeiss Libra aberration-corrected STEM by using the electron beam to both cut and image graphene structures. A review of current progress will be presented.
We also show direct real-space images of the ripples in a few-layer graphene (FLG) membrane resolved at the atomic scale using monochromated aberration-corrected transmission electron microscopy (TEM). The thickness of FLG amplifies the weak local effects of the ripples, resulting in spatially-varying TEM contrast that is unique up to inversion symmetry. We compare the characteristic TEM contrast with simulated images based on accurate first-principles calculations of the scattering potential (Fig. 3) . Our results characterize the ripples in real space, and suggest that such features are likely common in ultra-thin materials, even in the nanometer-thickness range [3] . Fig. 1e . Three-dimensional representation of the intensity is plotted for two small regions, for which the normalized dynamic range is 0.36 and 0.27 respectively.
